Introduction Case Report
Our patient is a 56-year-old woman who presented to the University of Washington Medical Center with episodes of positional syncope for approximately 8 years. She reported syncope when turning her head to the left with the left arm raised and when her chin was pressed down to her chest. She would have up to 15 episodes per day and had limited her activities and body positioning to prevent these episodes.
An extensive work-up for syncope had been performed previously with a presumed diagnosis of neurocardiac nearsyncope or carotid hypersensitivity syndrome. In September 2007, her work-up included chest x-ray, echocardiogram, carotid Doppler, exercise stress test, multiple Holter monitors, carotid massage, tilt table test, electroencephalogram (EEG), and noncontrast magnetic resonance imaging (MRI). In 2011, an magnetic resonance angiography (MRA) of the head and neck reported essentially normal vasculature with anatomic variation of an incomplete Circle of Willis. An MRI in 2014 and a computed tomography (CT) scan in 2016 reported secondary findings of calcifications in the bilateral stylohyoid ligaments. Finally, in 2016, a carotid duplex (CD) study performed in an outside hospital demonstrated bilateral ICA compression in the known symptomatic positions.
Noninvasive Testing
The patient was evaluated in our vascular laboratory at the University of Washington Medical Center with transcranial imaging (TCI), transcranial Doppler (TCD), and CD by 2 sonographers in an outpatient setting. Using a GE Logic 9, a baseline CD and TCI were performed to confirm anatomy and hemodynamics with the head in a neutral position. A Spencer Technologies 3 (ST3) and Marc 600 headframe were used for the baseline TCD evaluation. The bilateral middle cerebral arteries (MCAs) were monitored at a depth of 48 mm on the right and 51 mm on the left. With the headframe fitted and secured, monitoring was performed with the head in a neutral position and during provocative maneuvers (turning her head to the left with the left arm raised up and chin pressed down to the chest). Intraoperative bilateral MCA TCD monitoring with the Marc 600 headframe was also performed during bilateral stylohyoid ligament resection ( Figure 2) . Postoperatively, the bilateral MCAs were monitored again with the same provocative maneuvers. A followup email interview with the patient was obtained and the electronic medical record was reviewed.
Results and Follow-up
The baseline CD with the head in a neutral position revealed normal carotid anatomy and normal peak systolic velocities. The CD did not include provocative maneuvers due to difficulty maintaining satisfactory images during changes in head and neck position. Baseline TCI and TCD showed an incomplete Circle of Willis with left fetal origin posterior cerebral artery and normal mean velocities. The finding of left fetal origin posterior cerebral artery was consistent with the results of the MRA performed in 2011. Monitoring of the bilateral MCAs with TCD showed dampened (low mean velocity with delayed systolic upstroke) to absent flow in the left MCA during previously described provocative maneuvers (Figure 3 ). These findings were consistent with mechanical compression of the left extracranial carotid arteries in the setting of insufficient documented symptomatic provocative maneuvers ( Figure 5 ). On follow-up at 3 months after surgery, the patient reports no syncopal events in the previously symptomatic positions.
Discussion
The only other reports of using TCD to aid in the diagnosis of Eagle syndrome is from Usseglio et al 10 and van Schaik et al.
11
In this setting, the use of TCD allows an assessment of cerebrovascular hemodynamics during symptomatic positioning, while avoiding expensive and time-consuming imaging studies which expose the patient to radiation and contrast. The use of transoral sonography to aid in the visualization of a distal ICA dissection has been described; however, that approach would be difficult to apply during provocative head and neck manuevers. 12 For our patient, TCD was particularly helpful due to her clinical presentation of positional syncope. Extracranial CD scanning during provocative maneuvers has significant technical limitations due to difficult insonation of the distal ICA during patient movement. 13 Use of the headframe for TCD allows the sonographer to obtain real-time hemodynamic information during provocative maneuvers without the technical challenges of obtaining duplex images on a moving patient. The Marc 600 headframe moves with the patient and does not require the tracking of the vessel which can be especially difficult to identify during periods of low flow.
Reports of this stylocarotid form of Eagle syndrome are rare; however, a similar case was described in 2016 in the Polish Journal of Radiology in which a man experienced vertigo upon turning his head to the left for 2 years. 13 Compression of the left ICA by the stylohyoid process was noted on CT angiography, but there was no discussion of variant cerebral anatomy to explain the type of symptoms produced by restriction of left ICA flow. Other reported cases include descriptions of complications such as ICA dissection, external carotid artery pseudoaneurysm, and carotid stent fracture. 2, 14, 15 Most of the reported cases present with anterior cerebral (ICA distribution) symptoms due to the limited flow in the anterior cerebrovasculature. 6, [10] [11] [12] [13] [15] [16] [17] This makes our case even more unusual due to the variation in cerebrovascular anatomy (fetal origin of the left posterior cerebral artery) and close proximity of ipsilateral ICA and styloid process. Dewan et al reported a case which presented with unusual cerebrovascular symptoms due to an anatomical variation, much like ours. 7 Their patient had compression of the right ICA by the stylohyoid process resulting in symptoms of right facial weakness and mixed aphasia. Due to the previously documented chronic occlusion of the left ICA and right to left MCA collateralization via an anterior communicating artery, compression of the right ICA resulted in decreased flow to the left MCA which presented with the ipsilateral deficits. In our patient, compression of an ICA resulted in posterior cerebral symptoms which are also explained by a variation in cerebrovascular anatomy.
Knowledge of common cerebrovascular collateralization pathways, anatomic variations, and clinical presentations are highly important to the TCD vascular technologist so that symptoms can be correlated with the area of restricted flow. It is estimated that only 4% of the population has an elongated stylohyoid process, and symptomatic patients represent an even smaller percentage. 2, 9 Although uncommon, Eagle syndrome should not be overlooked as a potential diagnosis for positional syncope. The possibility of compression of the extracranial carotid arteries by an elongated styloid process or calcified stylohyoid ligament should be considered and evaluated. In this setting, TCD can be a confirmatory diagnostic test, an advantageous intraoperative monitoring tool, and a measure of treatment success. 
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